Medication nonadherence is an important obstacle to cardiovascular disease management. OBJECTIVE: To improve adherence through real-time feedback based on theories of how social forces influence behavior. DESIGN: Two randomized controlled pilot trials called PROMOTE and SUPPORT. Participants stored statin medication in wireless-enabled pill bottles that transmitted adherence data to researchers. PARTICIPANTS: Adults with diabetes and a history of low statin adherence based on pharmacy refills (i.e., Medication Possession Ratio [MPR] <80 % in the prerandomization screening period). INTERVENTION: In PROMOTE, each participant was randomized to 1) weekly messages in which that participant's statin adherence was compared to that of other participants (comparison), 2) weekly summaries of that participant's statin adherence (summary), or 3) control. In SUPPORT, each participant identified another person (the Medication Adherence Partner [MAP]) to receive reports about that participant's adherence, and was randomized to 1) daily reports to MAP, 2) weekly reports to MAP, 3) reports to MAP only if dose was missed, or 4) control. MAIN OUTCOMES MEASURE: Adherence measured by pill bottle. KEY RESULTS: Among 45,000 health plan members contacted by mail, <1 % joined the trial. Participants had low baseline MPRs (median=60 %, IQR 41-72 %) but high pill-bottle adherence (90 % in PROMOTE, 92 % in SUP-PORT) during the trial. In PROMOTE (n=201) and SUP-PORT (n=200), no intervention demonstrated significantly better adherence vs. control. In a subgroup of PRO-MOTE participants with the lowest pre-study MPR, pillbottle-measured adherence in the comparison arm (89 %) was higher than the control (86 %) and summary (76 %) arms, but differences were non-significant (p=0.10).
BACKGROUND
There is growing evidence of strong associations between a patient's social environment and health behavior. 1 However, existing knowledge of how social forces can be used to promote better health behaviors is limited. Harnessing social forces could be an effective approach for promoting health behaviors, because patients typically only engage with their physicians and nurses during occasional health system visits a few hours a year, but they interact with their social networks much more frequently. Furthermore, social forces may be particularly effective at building enduring habits for healthy behavior and might be costeffective to implement.
Social pressure-i.e., encouragement or discouragement from others to take a particular action-is a powerful social force that can influence individual behavior. [2] [3] [4] An individual can experience social pressure when another person in his or her social network directly encourages an action or when the individual is aware that another person is observing, or will observe, that individual's action. 5 Within the context of medication adherence, if a patient's adherence will be reported to another person (a Medication Adherence Partner, or MAP, a term created for this study), the patient may become more likely to adhere because the MAP explicitly encourages him to take his medication or because the patient anticipates that the Electronic supplementary material The online version of this article (doi:10.1007/s11606-015-3540-y) contains supplementary material, which is available to authorized users.
Published online November 19, 2015 MAP will chastise or encourage him upon learning of poor adherence. However, the optimal strategy for involving a MAP or providing feedback to a MAP is unknown. It is plausible that daily feedback about adherence would be most effective, since it provides information at the highest frequency. 6 On the other hand, frequent feedback might also lead to "alert fatigue" and cause the MAP to neglect messages. 7 Providing individuals with information about what others are doing can be an effective motivator, particularly for poor performers who learn that they are below average on a desired action such as taking one's medication. [8] [9] [10] [11] An individual may feel compelled to improve medication adherence or other health behaviors when compared to the performance of "peers." 12 However, that feedback about relative performance could also discourage individuals who do not feel capable of improving their behavior. Additionally, there are minimal data about how this kind of feedback might affect health behaviors specifically.
Cardiovascular disease (CVD) is the leading cause of death in the United States. CVD risk can be significantly reduced by treating dyslipidemia. HMG-CoA reductase inhibitors, also known as statins, have reduced cholesterol levels and lowered mortality from CVD in multiple clinical trials. 13, 14 The majority of patients with CVD or diseases with equivalent cardiovascular risk, such as diabetes, require a statin to achieve the cholesterol targets in clinical practice guidelines. 15 Despite the substantial benefits and reasonable risks associated with statins, 16 adherence is strikingly poor. [17] [18] [19] For example, one year after hospitalization for an acute coronary syndrome, nearly half of patients prescribed statins stop taking them. 20 Reducing CVD-related morbidity, mortality, and healthcare costs will depend to a great degree on effective strategies to help patients improve medication adherence and other health behaviors. 21 We conducted two pilot trials in a population at high risk for CVD. These trials aimed to improve pill-bottle-measured adherence through real-time feedback based on theories of how social forces influence behavior. For the promoting health through comparison (PROMOTE) study, the primary aim was to determine the efficacy of adherence feedback to the participant, in which the participant's adherence was compared to that participants. For the social support (SUPPORT) study, the primary aim was to compare the efficacy of adherence feedback provided to a MAP at different frequencies.
METHODS

Overview
This study comprised two randomized controlled pilot trials in which participants were recruited from a population of patients enrolled in healthcare plans administered by Humana, a large US provider of health insurance and health services. After informed consent, participants were provided with a wireless electronic pill bottle (Vitality GlowCap; manufactured by Vitality Inc., Los Angeles, CA) that monitored their adherence to their statin medication.
Participants
All participants were Humana members with diabetes of any type, on a once-a-day statin regimen, and with poor statin adherence based on pharmacy refill claims data (i.e. Medication Possession Ratio [MPR] <80 % in the recent 12-month prerandomization screening period). Eligible individuals were ≥18 years of age at enrollment, spoke English, reported no major statin side effects, and did not have liver disease. Participants needed regular access to a computer to receive study communications via email; this access could be through a friend or library. For the SUPPORT study, each participant also had to identify a MAP who would receive their adherence information via email during the intervention period. Prior to enrollment, the MAP had to agree to receive study related communications.
Design
Potentially eligible participants were identified by Humana through review of the pharmacy claim database, and were then mailed one study invitation letter directly from Humana. Invitation letters described the study, including compensation for participation, and directed potential participants to the study's website. The two trials were conducted simultaneously; each potentially eligible participant was invited to join either SUP-PORT or PROMOTE. No participant received an invitation to join both studies or to choose between studies. The studies were conducted by the same investigators and staff.
The study website was hosted on Way to Health, an internet research platform based at the University of Pennsylvania that uses online tools, wireless technologies, and other applications to allow investigators to test ways of improving health. On the platform (see Online Appendices 1-3), individuals created a personal account (for study communications), completed further eligibility screening, and provided informed consent. Contact information for the study coordinator was provided. Eligible participants were mailed a GlowCap pill bottle with instructions. Upon successfully activating the pill bottle and a data feed to Way to Health, participants underwent random assignment to study arms.
Electronic Pill Bottle
The GlowCap device resembles a standard pill bottle. The GlowCap was sent as a kit with two parts: 1) a pill bottle with a top capable of sending a wireless timestamp whenever it is removed, and 2) a plug-in gateway that transmits this information via a cellular network to the GlowCap's manufacturer and ultimately to the Way to Health platform. An Internet connection is not necessary. No cost is passed to the participant. Participants were instructed to pour their statin pills into the GlowCap bottle. The cap cannot be used with other pill bottles.
Interventions PROMOTE participants were randomized to one of three arms. Each Arm 1 (comparison) participant received weekly email messages comparing the individual's statin adherence to that of other participants and specifying whether adherence was above or below the average, along with a message of encouragement tailored to his or her ranking (Online Appendix 1). Each Arm 2 (summary) participant received an email summary of his or her adherence from the previous week. Arm 3 (control) participants did not receive emails about adherence.
For the SUPPORT study, participants were randomized to one of four arms. In Arm 1 (daily), each MAP received a daily email specifying whether the participant had taken the statin. In Arm 2 (weekly), each MAP received a weekly email summary of the participant's adherence the previous week. In Arm 3 (missed dose), each MAP received an email notification only if the participant's dose on the previous day was missed. In Arm 4 (control), the MAP received no adherence emails. Online Appendix 2 shows these messages.
All participants could view their pill-bottle adherence in a color-coded calendar displayed on their Way to Health account (Online Appendix 3).
Outcomes and Measurement
The primary outcome was adherence measured by the wireless pill bottle, calculated as the percentage of days with a bottle opening. A secondary outcome was self-reported adherence measured using the Morisky Medication Adherence Scale (MMAS), a validated 8-item self-reported adherence questionnaire. [22] [23] [24] The MMAS was administered at enrollment and end of study. At enrollment, participants also completed the Zimet Multidimensional Scale of Perceived Social Support. 25, 26 Participants also recorded age, sex, race, Hispanic ethnicity, education level, and body mass index. We obtained the number of medications from pharmacy claims. Participants in the SUPPORT trial specified their relationship with the MAPs from a list, collapsed to four categories (Intimate Partners, Children, Other Relatives, and Friends).
Statistical Analyses
We estimated power using preliminary adherence data from studies in other population groups by conducting simulations (using Stata software) that assumed normally distributed adherence rates and assessing pairwise comparison across arms with Bonferroni correction. Based on these estimates, the trials were designed with>80 % power to detect a 10-percentagepoint difference in adherence between any two study arms in each study, using a Bonferroni-adjusted two-sided type 1 error rate to adjust for the main hypothesis tests comparing each intervention arm to control. We inflated the sample size by 20 % to account for potential participant drop-out.
We conducted analyses using SAS (version 9.3, 2011) with a two-sided p value <0.05 as the criterion for statistical significance. Medians are reported with the (25th, 75th) percentiles (interquartile range, IQR). We used the Kruskal-Wallis test to compare continuous variables and chi-square tests to compare categorical variables across intervention arms.
We estimated daily odds of GlowCap adherence using generalized estimation equation (GEE) models that produced robust standard errors by assuming a correlation structure for repeated measurement (per patient), while adjusting for time (weeks) and study arm as fixed effects. Using calculated Morisky scores from baseline survey data, we grouped study participants into high, medium, and low levels of baseline medication adherence, and tested whether intervention effects on average daily adherence differed for patients with different levels of baseline adherence, by adding interaction terms between arm and baseline adherence levels, and alternatively, by conducting subgroup analysis for patients with low, medium, or high adherence.
We also fit generalized linear models to test whether changes in Morisky scores from baseline to end of intervention varied by arm.
RESULTS
A total of 45,000 Humana members identified as eligible for the study received invitation letters (n=17,500 to PROMOTE and n=27,500 to SUPPORT). A total of 201 enrolled in the PROMOTE trial and 200 enrolled in the SUPPORT trial (Fig. 1) . Median MPR for statin use for the 401 participants during the screening pre-enrollment period was 60 % (IQR 41-72 %; mean 58 %, SD 25 %).
Operations
No adverse events were reported. The median number of times that participants accessed their Way to Health accounts was 5 (IQR 3, 10). In the SUPPORT trial, seven (5 %) participants experienced GlowCap malfunctions, which led to incorrect messages to the MAPs that specified missed doses of statins. MAP messaging was disabled at the request of these participants.
Baseline Characteristics
The two studies had similar demographics. In the PROMOTE study (Table 1) , the median age was 70 years, 57 % were men, 86 % were white, and 80 % had Medicare. About 30 % had a high school degree or less. In the SUPPORT study (Table 2) , the median age was 68 years, 50 % were men, 87 % were white, and 78 % had Medicare. In the SUPPORT study, 61 % of MAPs were intimate partners of participants, while 24 % were children (adults over 18 years), 7 % were other relatives, and 8 % were friends (Table 3) .
At baseline, some participants acknowledged that they sometimes obtained their statins using a method other than their Humana pharmacy benefits (15 % in PROMOTE; 16 % in SUPPORT).
Outcomes
When assessed in the total populations of the PROMOTE and SUPPORT studies, median adherence during the intervention inspection of the adherence plots in Figures 2 and 3 demonstrates that bottle-measured adherence declined over time in all arms of both studies.
In PROMOTE, neither intervention demonstrated significantly better adherence than the control arm. Among participants with below median adherence pre-intervention, adherence during the intervention in the comparison arm was higher than in the control and no-comparison arms, but these differences were not statistically significant (median 89 % vs. 86 % and 76 %, p=0.10).
For the SUPPORT study, none of the interventions demonstrated significantly better adherence than the control arm (Fig. 3) . Overall, there were no statistically significant differences in frequency of reported contact between MAPs and participants. Eighty-two percent of participants stated that any such contact took place once a week or more. Thirty-seven percent of SUPPORT participants reported speaking to their MAPs specifically about adherence once a week or more frequently.
In SUPPORT and PROMOTE, interaction terms between study arms and the baseline Morisky adherence category were non-significant.
Finally, there were also no significant differences in either study between arms in the secondary outcome of change in Morisky self-reported adherence score.
DISCUSSION
This pair of pilot randomized trials demonstrated the feasibility of implementing adherence interventions based on social forces, but the social forces and social comparison interventions did not improve adherence compared to control over the 3-month intervention period. In a PROMOTE trial subgroup (16) 13 (19) 12 (18) 8 (12) (20) 10 (20) 11 (22) 10 (20) (15) 9 (18) 9 (18) 9 (18) 3 (6) 0.24 (P) Diabetes type 0.52 (P) Type 1
8 (4) 3 (6) 3 (6) 1 (2) analysis of participants with low baseline adherence (defined as MPR<median), the comparison intervention had higher adherence when compared to the other two arms, but this comparison was not statistically significant. Despite limiting enrollment to individuals with a MPR <80 % based on claims data, we found that the median adherence rate in the pooled populations of the two studies was higher than 90 % (as measured by electronic pill bottles) during the intervention. The high pill-bottle adherence rates-found even in the control arms-were unexpected. This finding may be related to the low enrollment rate among individuals invited to join the trials. Less than 1 % of health plan members who received letters participated in the trial, suggesting that the participants who enrolled were a highly select subsample of the entire eligible population. It is possible that participants were individuals with existing interest in improving their medication adherence and that trial enrollment and pill bottle usage, even for control arm participants, provided sufficient encouragement to make this improvement. The improvement in medication adherence across all arms might be explained by a "Hawthorne effect," the phenomenon that behavior under observation often changes substantially. Alternatively, it is possible that participants had higher adherence than their MPR calculated from claims data suggested. For example, a statin MPR could underestimate true adherence if an individual obtains a supply of statins without using the pharmacy insurance benefit that generates the claims used to calculate MPRs. Notably, 15 % of participants in PROMOTE and 16 % in SUPPORT acknowledged receiving statins without submitting pharmacy benefit claims. As a second example, in situations where the physician reduces the statin dose, the patient may cut pills and use up the current supply, which would also underestimate adherence. Notably, almost a third of participants had high self-rated adherence on the baseline MMAS, Fig. 3 SUPPORT overall mean weekly adherence, by Arm. providing some evidence that the MPR-based approach to identifying eligible individuals may have included adults with high statin adherence.
The trial's high baseline adherence rates may have limited the ability to detect differences between intervention arms (i.e., a "ceiling effect"). Although not statistically significant, Figure 2 reveals that the comparison arm of the PROMOTE trial had higher adherence for most of the study. On the other hand, Figure 3 shows that in the SUPPORT trial, adherence rates were extremely similar across all four arms. We also acknowledge the possibility that social forces or the mode of message delivery were simply not an effective intervention. Although it did not test the impact of social forces, a pilot trial by Gatwood et al. using tailored messages did not detect improvements in adherence rates (measured through pharmacy claims) vs. standard care among patients with diabetes. 27 The study had several limitations. The interventions lasted only 3 months; differences in adherence might emerge over a longer period of time. The two studies required all individuals to use electronic pill bottles, which may have increased adherence, as participants knew their actions were being recorded. The primary outcome of pill-bottle-measured adherence has limitations, including bottle malfunction. The study did not have additional objective measures of intervention effects, such as serum cholesterol. We also did not provide training or incentives to MAPs or collect information about their interactions with participants, limiting our ability to draw inferences about communication between pairs.
We also acknowledge limitations of generalizability. The generalizability of the SUPPORT study was limited in that enrollment was restricted to individuals who could identify a MAP who was willing to receive adherence messages. Future studies of social support to improve health behaviors such as adherence could consider either assigning a member of the study staff to act as a MAP or a peer mentor identified by the study. Participants in both trials were older and had a higher level of education than most US residents. 28 Interventions based on social forces that were implemented among less advantaged or younger patients might be more efficacious. 12 Enrollment also required computer use, which might limit dissemination of similar interventions in the future. On the other hand, due to the randomized controlled design, these trials should have high internal validity.
CONCLUSIONS
Two pilot trials revealed that interventions based on social support and social comparison were feasible to implement and well tolerated by participants. Median adherence rates in the trials were over 90 %, and the interventions did not lead to significant differences in medication adherence. The trials were limited by short duration, and the results may apply primarily to individuals who seek support for their medication adherence. Investigators designing future trials that use MPR screening criteria may consider restricting the population to individuals using one pharmacy service and/or supplemental inclusion criteria such as self-reported adherence to increase the probability that participants truly have low adherence.
